Introduction
Previous studies of the in-vitro oxygen consumption of human endometrium in the various phases of the human menstrual cycle have given contradictory results. Raab (1929) reported cyclic changes but neither Adler (1930) nor Dreyfus (1940) could confirm his observations. Stuermer & Stein (1952) obtained a peak in consumption around the time of ovulation but the increase was not statistically significant. All these studies employed manometric techniques involving long incubation periods uncontrolled for the possible utilization of oxygen by bacteria. Okagaki & Richart (1970) avoided these problems by using an oxygen electrode that allowed rapid uptake measurements and added antibiotics to the incubation medium. While they obtained a small but statistically significant increase in oxygen uptake in the secretory phase, their studies utilized minced endometrial tissue, a procedure known to reduce tissue oxygen consumption significantly. Because of the unsatisfactory nature of all previous investigations the present study was designed to measure in vitro the oxygen consumption of intact strips of human endometrium by using an oxygen electrode and to explore the effects of tissue preparation, gas phase, and the tissue bases for calculating the oxygen uptake. The oxygen uptake results are necessary to provide a basis for comparison with observations, currently being made, on the effects of steroid contraception and intrauterine devices on endometrial oxygen consumption.
Materials and Methods
Strips of endometrium were obtained from women by curettage, by dissection of the uterus after hysterectomy, or by suction endometrial biopsy (Vabra technique). The only samples used were those obtained from women with a histologically normal endometrium and regular menstrual cycles but without an intrauterine device in situ and with no use of oral contraception or other hormone therapy within the previous 3 months.
Immediately after removal, the endometrium was placed in ice-cold gassed (95% 02, 5% C02 v/v) Krebs-bicarbonate-saline (KBS, Krebs & Henseleit, 1932) (Price, 1980) . The endometrial sample was incubated for 15 min. The initial slope was used for calculation. The oxygen consumption of the endometrium was expressed as pi oxygen/mg dry weight/h. Both protein and DNA were estimated in endometrium taken from patients at various stages of the menstrual cycle. The samples (20-100 mg wet weight) were chopped into small pieces and then homogenized, with a teflon pestle and glass homogenizer (Adelphi Ltd) at 2500 r.p.m., in 1-2 ml ice-cold KBS for 10 1-min periods, allowing cooling intervals of 1 min between each homogenization. During the whole procedure the homogenate temperature was maintained below 4°C. The protein of the homogenate was measured by the method of Lowry, Rosebrough, Farr & Randall (1951) . For the analysis of DNA, the endometrial sample (20-100 mg wet weight) was similarly homogenized but in 0-5 ml perchloric acid. The DNA content was estimated by the method of Burton (1956) . The total protein and total DNA were expressed as a percentage of the tissue dry weight.
Statistical analysis
The results are expressed as the mean ± s.e.m. and the means were compared by Student's paired or unpaired t tests as appropriate. Significance was assumed at < 0-05. The endometrial oxygen consumption at the different phases of the menstrual cycle was compared by an analysis of variance and the differences between groups were located by the least significant range test (LSR) as detailed by :
where Q is obtained from tables , MSwlthln is taken from the analysis of variance tables in which nx and n2 are the numbers of the observations in each of the two groups compared. The results were taken as significant when the computed difference between two means exceeded the actual difference of the two means. The test was applied at = 0-05.
Results

Validation oftechnique
Storage. Measured as per mg dry weight. The endometrial oxygen consumption was higher in the 95% oxygen phase than in the air phase (P < 0-01), but the oxygen uptake pattern throughout the cycle was similar for both phases (Text- fig. 2 ). The oxygen consumption increased continuously through the proliferative phase, reaching a distinct peak around the time of ovulation. This was followed by a continuous decline through the secretory phase. The peak around the time of ovulation was significant for both the air and oxygen phases ( (Text-fig. 3a ). Late secretory stage tissues could be separated into two distinct groups, with those from the last 2 days of the cycle being designated as very late secretory. The pattern obtained was qualitatively identical to that for the mg dry weight basis for both gas phases, although the rise during the proliferative phase was steeper and the fall in the secretory phase shallower, with a fall in the very late secretory phase (Text-fig. 4a ). fig. 3b ) and the patterns for oxygen consumption on this basis were qualitatively identical to those obtained for the mg dry weight basis (Text- fig. 2 ) and mg protein basis (Text- fig. 4a ) for both gas phases.
Effect of the age of the patients on endometrial oxygen consumption Regression lines and coefficients of correlation were calculated for oxygen consumption, in air-and oxygen-gassed medium, of tissues at the various stages of the normal menstrual cycle from patients aged 18-50 years. There was no statistical correlation with the measured oxygen consumption at any phase of the menstrual cycle.
Discussion
The results show for the first time that there is a consistent pattern for endometrial oxygen consumption during the menstrual cycle with a distinct peak around the time of ovulation, regardless of whether an air or oxygen gas phase is used and the basis for calculation. As the pattern of oxygen consumption per mg dry weight was unaltered when expressed per mg protein or per mg DNA, the changes observed during the menstrual cycle are probably due to functional changes of the endometrial cells.
The increased endometrial oxygen consumption during the proliferative phase of the menstrual cycle occurs at a time of increasing oestrogen levels. Around the time of ovulation (when oxygen consumption peaks), 'giant' mitochondria with well-developed cristae are found (Wynn, 1977) . If the endometrial oxygen consumption were sensitive only to the oestrogen level, a second peak would be expected around Day 16-18, coinciding with the secretion of oestrogen by the corpus luteum but we did not detect such a peak (Text- fig. 2 ). The decline of the oxygen uptake during the secretory phase may be due to the falling oestrogen concentrations, to an inhibitory effect of progesterone or to both.
The consumption of oxygen was significantly greater at each phase of the cycle when oxygen rather than air was used to gas the incubation medium, showing that the availability of oxygen was important in governing the oxygen usage by the endometrium. It is possible that this may be a factor in the lack of change in the low oxygen tension (about 15 mmHg) of the luminal bulk fluid of the human uterus during the menstrual cycle (Yedwab, Paz, Hommonnai, David & Kraicer, 1976) . Alternatively, the increase in the in-vitro endometrial oxygen consumption at each phase of the normal menstrual cycle with the high oxygen incubation medium may result from the diffusion of oxygen through the endometrial strip being rate limiting. With the high oxygen tension, the diffusion may be sufficient to sustain the oxygen consumption whereas the lower oxygen tension may not allow adequate oxygen diffusion. However, if oxygen diffusion were rate limiting it would be expected that the thicker the endometrial strip, the greater the differential between the oxygen uptake in the high and low oxygen tension. The endometrial strip increased in thickness from the late proliferative to mid-secretory phase of the normal cycle but the calculated ratio of the oxygen uptake (high oxygen/low oxygen) appears to remain relatively constant throughout this period and is only higher in the early proliferative phase when the strip is thinner. This suggests that rate-limiting oxygen diffusion throughout the endometrial strip is not the overriding cause of the increased oxygen uptake in the high oxygen tension.
The findings from the present study indicate a lower oxygen consumption in endometrium taken from just above the internal os. This may explain some of the contradictions from previous studies in that the site of the endometrial sampling must be standardized. This lowered oxygen consumption may have biological relevance in that implantation usually occurs high in the uterus and rarely in the thinner endometrium near the cervix. This could be due to the endometrium in this area having an inadequate metabolic activity to allow implantation. Tsibris, et ai (1978) have reported that the unoccupied cytosolic hormone receptor levels in the human uterus are higher at the fundus than around the cervix at all times of the menstrual cycle and this is again consistent with functional differences within the uterus. It is not possible to compare our present finding of lack of change with age directly with that of Hackl (1973) who showed a decrease of oxygen consumption with increasing age in the mid-and late secretory phases of the cycle because he used a manometric method with a long incubation period.
Finally, our experiments have shown that intact tissue respires approximately 60% better than endometrium that has been minced or chopped. In the only other study that used an oxygen electrode (Okagaki & Richart, 1970 ) the endometrium was minced and measurements were made in an air-gassed medium 30-120 min after removal from the patients. The maximum values obtained (2 pi oxygen consumed/mg dry weight) were extremely low and we assume that these were due to the damaging effect of the mincing.
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